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WAVE LENGTHS, EQUIVALENT WIDTHS, AND LINE PROFILES 
THE SPECTRUM THE STAR H.D. 


Abstract 


With the aid long exposures (18 and hr. respectively) the spectrum 
H.D. 190073 the ordinary region has been photographed with dispersions 
7.3 15.2 per mm. The resulting spectrograms revealed approximately 
100 stellar lines not observed with single-prism dispersion well indicating 
more clearly the structure number complex line profiles. Wave lengths, 
identifications, and equivalent widths are listed for all observed lines, and 
number the more interesting line profiles are illustrated. The interpretation 
line profiles discussed and pointed out that the presence asymmetrical 
hydrogen lines indication shell relatively small diameter. 


Introduction 


The spectrum the emission line star H.D. 190073 1900 58.™1, 
1900 28’ mag. 7.9 AOe) is, number respects, unique the sky 
because the peculiar character its emission and absorption lines. Studies 
its spectral characteristics have been made Merrill (6), Beals (2, and 
Struve and Swings (8). 

The ‘spectrum characterized emission lines due hydrogen, neutral 
sodium, and ionized metals such Call, Fell, Till, etc. number the 
lines have Cygni character and the case hydrogen the line profiles 
exhibit definite variability. The forms the lines due Call this 
spectrum are unusually intricate and complex, while H.D. 190073 one 
the few stars that exhibit well marked emission due neutral sodium. 


spite the fact that the star has been studied several investigators 
and that number efforts have been made work out detailed explanations 
number its unusual features, its spectrum remains puzzle that the 
main has not been solved. The present study was undertaken with the hope 
making worth while contribution our knowledge this spectrum 
investigating with higher dispersion than had hitherto been employed. 


The Observations 


The spectrograms and microphotometer tracings which this study 
based were secured one the authors (Beals) the Dominion Astro- 
physical Observatory Victoria, B.C., before his transfer Ottawa. 


Manuscript received May 10, 1949. 
the Director, Mines, Forests and Scientific Services Branch, Department Mines and Resources, 
Ottawa, Canada. 
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Previous studies the star Victoria were made with single-prism dispersion 
the ordinary region and three prisms the visible. The values spectro- 
graphic dispersions used these earlier studies, well the present work, 
are given Table Seventeen spectra were secured all, four the 
visible and thirteen the ordinary photographic region 3850- 
5000. 


TABLE 
Dispersing Camera Dispersion, A/mm. 
system focal length, cm. 3933 4340 
19.9 30.3 
50.8 
IIM 10.0 
5875 6563 


careful examination the best the single-prism spectrograms gave 
indication many faint narrow lines intensity close the limit 
visibility, and there seemed reason believe that studies with higher dis- 
persion might well reveal many more lines. also appeared probable that 
increased dispersion would yield additional information regarding the peculiar 
emission and absorption line profiles due and hydrogen well 
those other atoms. exposure time required secure single-prism 
spectrogram dispersion per mm. Hy, well exposed the region 
3933, was approximately six hours. For star the declination H.D. 
190073 this represents all night exposure and was clear that several nights 
would required order secure good plates with the higher dispersion 
given two prisms. Some risks failure are involved such long exposures 
and they are course very prodigal observing time but was considered 
that the importance the problem warranted the attempt. 


exposure was accordingly begun the night July 23, 1946, and 
continued through three nights including July 25. The total exposure was 
hr. and min. The long focus (96 cm.) camera was used with two prisms 
and this combination gives dispersion 7.3A per mm. 3933 and 
11.0 per mm. H,. The temperature the spectrograph was maintained 
uniform level means thermostat. Some trouble was experienced 
one night owing sudden drastic rise the outside temperature, but 
was found possible exercise the necessary control the use damp 
sheet covering the spectrograph and bags dry ice symmetrically distributed 
about the spectrograph frame. The plateholders were firmly clamped into 
place that the end night’s work was possible replace the dark 
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slide without jarring the plate. Suitably spaced exposures the iron arc 
were made each night, and while the images the iron lines the plates 
showed evidence certain amount flexure right angles the dispersion, 
the lines were good definition and there was little evidence that temperature 
flexure effects had seriously interfered with the purity the spectrum. 


The star spectrum was good density the region 4500 
and many fine metallic lines were clearly visible. the region the line 
3933), however, the exposure was weak and was decided make another 
exposure longer duration using camera shorter focal length (71 cm.) 
the hope getting adequate exposures the bottoms the very strong 
and lines The second exposure was begun August and 
continued through August with total exposure time hr., min. 
The result was plate beautifully exposed the and region and well 
usable throughout the entire range 4600. the 
spectra are shown Plate 


The present paper contains information wave lengths, identifications, 
and line intensities from the two-prism spectrograms described above, well 
from number earlier single-prism plates comparable quality but 
smaller dispersion. 


Wave Length Measurements 


For the determination wave length, both direct micrometer measures 
the plates well microphotometer tracings were tracings were 
made the Victoria microphotometer (1) and were magnification. 
Each tracing had superimposed upon record both sets iron comparison 
lines addition the star spectrum. measurement the tracings for 
wave length was carried out small micrometer machine specially designed 
for this purpose and loaned the writers the Dominion Astrophysicist, 
Dr. Pearce. The character the machine illustrated Plate II. 
The motion the tracing governed the rotation precision roller 
with micrometer head one end, and the accuracy with which the position 
line the star comparison spectrum can read 0.2 mm. the 
tracing, corresponding 0.002 mm. the plate. While this may not look 
like extreme precision, since plate settings can made 0.0005 mm., may 
pointed out that settings the tracings can repeated with greater 
consistency than the plates and the over-all accuracy probably about 
the same. The advantage the use both methods that helps 
eliminate spurious lines, while for the numerous peculiar line profiles the 
spectrum H.D. 190073 the part the line involved the setting more 
definitely known when seen microphotometer tracing. forming 
means, equal weight was given measures plates and tracings and 
general the agreement between the two types measurements was good. 

the reduction the measures and the computation wave lengths the 


ordinary Hartmann formula for prismatic dispersion was used conjunction 
with correction curves derived from the iron comparison lines. Since the 
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radial velocity the star not large and since impossible certain 
that such line displacements occur are not due motions the star’s 
atmosphere, the wave lengths are published without correction for velocity 
effects other than that the earth’s motion. The intrinsic motion the 
star and any Doppler effects within its atmosphere are therefore contained 
the wave lengths Table 

When the list wave lengths from the two high-dispersion plates was 
completed, was compared with earlier list derived from four single-prism 
plates Beals. might expected there were some discrepancies and 
very careful line line comparison was made not only between the one-and 
two-prism plates, but between the corresponding tracings well. was 
found that some instances lines that appeared single the one-prism 
plates were actually multiple character when observed with the higher 
dispersion. Some lines definitely spurious character were eliminated and 
was found that the larger dispersion plates there were recorded 
additional 100 lines that did not appear the single-prism spectrograms. 


Identification Lines 


For the identification lines, main reliance was placed Mrs. Moore- 
Sitterly’s New Table Multiplets (7) although much initial labor was saved 
consulting Wyse’s (9) list wave lengths the spectrum Cygni. 

study Table indicates that, apart from the Balmer series hydrogen, 
all the identifications suggested for the wave lengths H.D. 190073 are lines 
neutral and singly ionized metals. Apart from the doublet, which 
very conspicuous feature the spectrum, ionized iron and titanium are 
responsible for the strongest emission lines. was first considered that 
Fel appeared absorption only, but will mentioned later, most such 
lines are now believed composite, consisting both emission and absorp- 
tion. will noted that there are very few the stellar lines for which 
there single unambiguous identification, the majority being blends 
several components. 


Equivalent Widths 
The plates which the stellar spectrograms were made were all calibrated 


with the aid rapidly rotating step sector (100 r.p.s.) placed front the 
slit calibrating spectrograph. 


For the measurements intensity the microphotometer tracings were 
transformed into true graphs intensity with the aid the Victoria intensi- 
tometer, which has been previously described The equivalent widths 
the lines were determined with the aid planimeter, the results being 
expressed both angstrom units and displacement kilometers per second. 
Since the spectrum known variable, complete treatment the 
subject line intensities would involve separate values for each date. Actually 


PLATE 


Fel Fell FeI 


3944 


Spectra 190073. 


The two upper sections the spectrum are from the plate. The lower one 
dispersion. 
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most cases the variations are small and considered that table mean 
values intensity the only practicable way treating the data the 
present time. 


view the complex character most the emission lines, necessary 
consider number the actual profiles order make clear the signi- 
ficance the values given the table. This has been done Figs. 
which variety different types profiles are shown. necessary 
mention that has been made for the distortions produced 
the finite resolving power the spectrograph. 

For profiles where the absorption and emission components are clearly 
separated there ambiguity the significance the values 
equivalent width given Table for the very complex lines Call 
the two displaced absorption components are well separated, and while there 
undoubtedly some overlapping the general indication intensity given 
the integration the area under the continuous spectrum quite clear. 
considerable number the emission lines this star, however, have absorption 
components directly superimposed emission, for example the 
line 4233 Fig. number lines exhibiting these characteristics 
very much greater spectrograms high dispersion. Many wave lengths 
that appeared pure absorption pure emission when observed with 
single-prism dispersion are clearly combination the two when seen two- 
prism plates. particular, interesting record that the lines Fel 
which were first thought pure absorption are now definitely seen have 
weak emission wings shown Fig. seems quite possible fact that 
all the lines the spectrum observed with sufficient dispersion and contrast 
would display composite character. 


Profiles the general character the complex lines Fig. are sufficiently 
indicated Table the fact that the same wave length associated with 
both absorption and emission components. this connection, the wave 
lengths Call, Fel, and may quoted. 
The tabular value equivalent width for the absorption obtained 
integrating the area included between the reconstructed emission profile and 
the line indicating the absorption, the result being divided the mean 
ordinate the top the emission profile reduce the continuous 
spectrum (See Fig. The emission intensity derived simply integrating 
the area the reconstructed emission profile. should clearly understood 
that equivalent widths derived this way are limited application and serve 
only general indication the relative intensity line components. 
Complete line profiles will required for detailed discussion the interpre- 
tation the observations. 


Numerical Data 
Table II, which all numerical data are listed, consists nine columns 


follows. Column contains the adopted wave lengths angstroms all 
lines measured the spectrum. Columns and the wave lengths 


{ 
4 
q 
q 
q 
q 
q 
q 
q 

| 
4 
q 


CANADIAN JOURNAL RESEARCH. VOL. 27, SEC. 


Intensity 


Intensity 


1.0 

0.6 

-400 -200 +200 +400 


Fic. profiles lines the spectrum H.D. 190073. Dispersions 
follows: 4045, 8.0 per mm.; per mm.; 4481, 13.0 per mm. 
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derived from one and two-prism plates are compared. gives the 
the line, indicating absorption and emission. Columns and 
give the equivalent width first angstrom units and then velocity units 
kilometers per second. The last three columns, Nos. and are 
concerned with identification and give, respectively, the laboratory wave 
length the line, the observed laboratory intensity, and the atom with which 
associated. few instances where the line has not been observed 
the laboratory the indicates that has been observed the solar 


spectrum. 
TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073 


Adopted Wave Wave 
wave length, length, Type Identification 
length 1-prism 2-prism 
49.76 (3) VII 
3856.10 56.10 0.17 12.9 3856.07 (3) NII 


56.16 
56.02 


3863.92 63.92 0.05 3.9 3863.95 Fell 
3865.36 65.36 0.10 7.9 3865.53 (30) Fel 
72.50 (60) Fel 
(60) Fel 
3878.38 78.38 3878.58 (100r) Fel 
02.95 (20) Fel 
05.65 05.62 0.15 11.8 3905.66 Fel** 
05.64 
05.53 (100) Sil 
3906.53 06.53 3906.48 (8) Fel 
3912.92 12.85 12.96 0.07 5.6 
(5) Nil 
3913.47 13.47 0.04 (60) Till 


Predicted. 
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WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 


Adopted Wave Wave 
wave length, length, Type 
length 1-prism 2-prism 
3913.89 13.82 13.93 
3914.44 14.44 
3916.41 16.21 16.51 
3918.56 18.60 18.53 
3920.20 20.16 20.22 
22.88 22.96 
3926.04 26.04 
27.94 
3929.41 29.36 29.43 
3931.36 31.29 31.38 
35.99 35.95 
38.40 38.28 
3944.02 43.97 44.03 
3945.29 45.16 45.32 
47.76 47.39 
3955.62 
3956.72 56.63 56.76 
3961.63 61.63 
3964.29 64.16 64.33 
3966.17 66.11 66.18 


Displaced calcium 
Predicted. 


E.W., 


Identification 
4.4 (4) Fel 
6.0 3916.24 (25) 
16.48 (200) 
5.3 (6) Fel 
18.58 Fel 
3.4 3920.26 (20r) Fel 
4.0 3922.91 (25R) Fel 
3.2 (6) Fel 
4.8 3927.92 (30R) Fel 
93.4 3933.66 
56.0 
5.2 (6) Fell 
Col 
7.0 (10R) All 
Fell 
43.89 (100) Cell 
2.0 (4) Fel 
45.21 
Col 
(9) 
4.5 (1) Fel 
Til 
(10) 
1.0 (©) Fel 
(9) Fel 
3.8 3961.52 (10R) 
63.6 3968.47 
3968.47 Call*H 
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0.06 
0.08 
0.07 
0.04 
0.05 
0.04 
0.06 
0.93 
0.07 
0.07 
0.09 
0.03 
0.01 
0.11 
0.05 
0.84 
0.47 


BEALS AND BURLAND: SPECTRUM THE STAR H.D. 190073 


TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted 


wave 
length 


3968. 


3981 


3986. 
3997. 
4002. 


4025. 


4028. 


Wave 


length, 


68.55 


28.29 


Wave 
length, 
2-prism 


81.77 


84.03 


21.94 
23.40 
24.56 


25.14 


28.35 


Call 


Het 


Fel 
Til 
Fel 
Fel 


Fel 


82.48 
83.91 

0.04 2.8 4005:71 (800) 
0.03 1.9 4023.39 (600) 


Broad underlying hydrogen line. 


177 
82.31 
83.89 
86.45 86.68 
87.32 
97.30 97.48 
02.48 02.35 
ell 
4003 .02 03.02 
4005.18 05.24 05.14 
4012.45 12.42 12.45 
4014.55 14.48 14.57 
4015.51 ill 
4017.25 17.25 
4021.94 
23.26 
24.78 
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TABLE 


SEC. 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted Wave Wave 
wave length, length, Type Identification 
length 1-prism 2-prism 
4030.62 30.68 30.60 0.07 4.9 4030.76 (200R) 
30.50 (6) 
32.88 32.98 0.05 4.0 4033.07 (150R) 
(3) 
4034.52 34.52 0.04 4034 (100R) 
4035.67 35.63 35.68 0.05 3.9 4035.63 (400) 
35.54 (8) 
46.19 (3) 
48.76 (15) 
4051.96 52.07 51.93 0.05 3.4 4051.92 (2) 
4053.88 53.95 53.86 0.08 6.1 4053.82 (1) 
53.81 (3) 
57.40 57.48 0.06 4057.36 (2) 
(2) 
4060.14 60.14 0.01 1.0 4060.26 (20) 
61.69 62.17 0.02 4061.79 (1) 
61.77 
62.22 (60) 
0.06 4.6 
4063.53 63.44 63.55 (45) 
4064.50 64.50 0.01 0.9 4064.35 (1) 
64.58 
67.14 66.98 0.07 5.0 4066.98 (6) 
67.05 (3) 
67.28 (4) 
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TABLE 


LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted Wave Wave E.W 
wave length, length, Type Identification 
length 1-prism 2-prism 
0.08 5.6 |\4071.74 (40) Fel 
73.76 
4076.62 76.56 76.64 0.05 (8n) Fel 
76.50 Fel 
4083.61 83.61 0.02 1.4 4083.55 Fel 
83.58 (100) 
0.52 
4101.93 01.99 01.92 0.17 
4110.41 10.41 0.03 4110.38 Cell 
4118.62 18.62 0.05 3.4 4118.55 (15) Fel 
4122.65 22.67 0.05 4122.64 Fell 
22.52 Fel 
4128.08 28.11 28.07 0.16 11.4 4128.05 
4130.93 30.90 30.94 0.14 9.8 4130.88 Sill 
4132.12 32.12 0.09 6.2 4132.06 (25) Fel 
32.16 Col 
4134.63 34.57 34.64 0.04 3.0 4134.68 (12) Fel 
KII 
4136.69 36.80 36.63 0.04 2.6 4136.51 Fel 
4143.67 43.58 43.69 0.08 5.9 4143.42 (15) Fel 
Fel 
43.76 Hel 
4147.18 47.18 0.03 2.1 4147.34 (©) Fel 
4153.95 54.19 53.89 0.07 5.0 4153.82 (25) 
53.91 (10n) Fel 
4154.75 54.75 0.07 4.9 4154.50 (12) Fel 


54.86 


Emission component hydrogen line. 
Broad underlying hydrogen line. 
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TABLE 


LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted Wave Wave E.W E.W 
wave length, length, Type /se Identification 
63.65 0.06 4.6 63.68 (1) Fel 
4167.30 67.28 67.30 0.08 5.4 (10n) Mgl 
4171.94 71.99 71.92 0.05 3.8 (30) 
Fel 
0.07 4.7 
4175.55 75.55 0.06 4.2 (10) Fel 
4176.58 76.58 0.02 1.4 Fel 
4178.85 78.85 0.02 1.2 Fell 
4181.83 81.83 0.03 2.5 (15) Fel 
4184.35 84.01 84.51 0.06 4.4 Fel 
86.24 (30) 
4187.19 87.19 0.04 3.2 4187.04 (20) Fel 
(4) Col 
91.33 0.04 2.8 
4191.57 91.57 0.04 2.6 Fel 
91.56 (10) 
4195.58 95.58 0.03 2.4 Fel 
98.33 0.07 5.0 4198.31 (20) Fel 
98.61 0.10 7.4 
4202.01 01.99 02.02 0.08 5.5 Fel 
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TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted Wave Wave E.W E.W 
wave length, length, Type Identification 
length 1-prism 2-prism 
(20) 
4210.41 10.41 0.08 5.6 4210.35 (15) Fel 
4215.58 15.58 0.04 2.8 4215.52 (300r) 
4216.60 16.60 0.05 3.7 
4219.41 19.40 19.41 0.04 2.6 (2) 
Fel 
4221.09 21.09 0.02 1.4 
4224.82 24.73 24.87 0.05 3.4 
24.80 Til 
4226.53 26.52 26.53 0.02 (3) Fel 
4227.31 27.31 0.02 1.4 Fel 
0.02 1.3 
4233.23 33.25 33.23 0.06 33.25 (10) 
4235.93 35.77 35.97 0.10 7.1 4235.94 (25) Fel 
4238.85 38.85 0.06 4.4 4238.82 (10n) Fel 
38.96 
4242.46 42.46 0.06 4.5 4242.38 (30) 
4250.17 0.06 4.4 4250.12 (25) Fel 
4250.80 50.80 0.05 3.7 (25) Fel 
4256.23 56.23 0.02 1.4 Fel 
4258.13 58:13 0.12 8.4 (3) Fell 
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TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 


THE SPECTRUM H.D. 190073—Continued 


4260.46 60.40 60.47 0.09 6.6 4260.48 (35) Fel 
60.47 
4261.92 61.93 61.92 0.05 3.8 4261.92 
4271.58 71.52 71.60 0.09 6.1 Fel 
4273.32 73.32 0.03 2.0 (3) Fell 
(2) Til 
4290.75 90.75 0.12 
Cri 
05.72 
07.32 0.03 2.4 
Predicted. 
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TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted 
wave 
length 


4314. 


4315. 
4316. 


4319. 


4320. 


4336. 


4338. 


4340. 


4384.62 


4386. 


4386. 


4388 


4390. 


4395.2 


4404. 


Wave 
length, 


1-prism 


68.01 


90.66 


Wave 
length, 
2-prism 


69. 


Displaced hydrogen line. 
Emission component hydrogen line. 
Broad underlying hydrogen line. 

Single prism observations. 


E.W., 


183 


E.W., 


neo 


Identification 
4314.08 (60) 
(4) Fell 
4315.09 (10) Fel 
Till 
Fel 
Till 
4340.47 H,* 
4340.47 H,* 
H,t 
4340.47 H,t 
\4351.76 Fell 
Fell 
Fel 
Fell 
69.68 Til 
84.13 Fel 
\4386.86 
4389.12 
(60) Till 


|| 
0.02 1.6 
13.39 924.7 
57.48 0.03 2.0 
4367.90 67.90 
06** 
4375.32 75.32 0.07 4.9 
0.42 28.5 
fE 0 25.7 
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TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Continued 


Adopted 


wave 


leng 


4415. 
4416. 


Wave 
length, 
1-prism 


43.87 


54.67 


68.60 


Wave 
2-prism 
0.06 4415.12 (20) Fel 
16.27 0.10 6.8 
34.02 0.09 6.4 4433.99 
43.40 
0.33 
55.19 0.07 4.6 4455.26 
54.78 Cal 
68.71 0.05 (50) Till 
76.20 0.03 2.2 4476.08 Fel 
(100) 
15.53 0.18 12.0 4515.34 Fell 
56.71 0.31 4556.76 VII 
0.11 7.4 
64.21 0.21 14.0 4563.76 
02.98 Mgl 
(40) Mgl 


|__| 
16.66 
4422.08 
4434.02 
4443.92 
4455.02 
4468 
81.26 
4488.05 88.05 
4501.55 01.33 
08.27 
4515.55 15.58 
4522.52 22.37 
33.57 
4549.95 
4556.29 55.45 
| 
4564.10 63.65 
83.84 
4703.01 03.01 
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TABLE 


WAVE LENGTHS, INTENSITIES, AND IDENTIFICATIONS LINES 
THE SPECTRUM H.D. 190073—Concluded 


Adopted Wave Wave 
wave length, length, Type Identification 
length 1-prism 2-prism 
4860.75 60.75 3.09 190.5 Het 
4920.08 20.08 0.12 


Displaced hydrogen line. 
Emission component hydrogen line. 
Broad underlying hydrogen line. 


Line Profiles 


The increased resolving power afforded two prisms has revealed addi- 
tional detail the line profiles and has made possible clarify number 
points that were formerly uncertain. One such matter concerns the 
relative intensities the central reversals appearing the emission com- 
ponents the and lines and Swings (8), the basis 
relatively low dispersion, had suggested that the central reversal the 
line was abnormally weak relative that and indeed there seemed 
some doubt whether the absorption was present all their plates. 
From this they concluded that the reversal was affected the broad 
hydrogen absorption and therefore arose low level 
atmosphere. 

Profiles both the and lines calcium from the two-prism plates 
are shown Fig. From this illustration will seen that the absorption 
arrive reliable estimate the intensity the line since this depends upon 
assumptions the form the undistorted emission. However, the 
basis the reconstruction shown the broken lines Fig. the equivalent 
widths and are km. per sec. and km. per sec., while the central 
intensities are 0.29 and 0.50 respectively, with excellent agreement between 
the two high-dispersion plates. would thus appear that these absorption 
features for and stand normal relationship one another and the 
intensity data are not inconsistent with origin this absorption the 


outer envelope the star. 


| | 
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interesting aspect the Call lines the fact that the more displaced 
component the two Cygni absorption features approximately twice 
the width its companion. The structure shown the bottom the wider 
component appears real and would interesting see whether 
variable. Unfortunately one our high-dispersion plates was too weak 
record detail the bottom this very strong line. The additional structure 
shown the violet emission wing the line calcium well the 
unsymmetrical character this line possibly consequence blending 
with the weak Cygni line hydrogen which superimposed the broad 
absorption. 

will further noted that the maximum between the two strong displaced 
absorption lines approaches very close the continuous spectrum for and 
the wing the hydrogen profile for The question thus arises whether, 
still higher dispersion were used, this maximum might not have central inten- 
sity greater than that the continuous spectrum. This consideration, together 
with others already advanced connection with suggested explanation 
the hydrogen line profiles the star M.W.C. 374 (4), raises the question 
whether quite different reconstruction the emission profile than that 
shown the heavy dotted lines Fig. may not give clearer picture the 
emitting view the great strength the displaced absorption 
lines, seems reasonable suppose that the envelope emits these wave 
lengths also and that the emission may have been suppressed strong 
absorption. this the case, then the reconstructed emission profile would 
markedly unsymmetrical shown the fine dotted lines Fig. Such 
asymmetry could arise consequence occultation the star’s disk 
that part the envelope having the largest velocity recession, and this 
the correct explanation then the conclusion follows that the diameter the 
emitting envelope does not greatly exceed that the central star. 

Similar considerations may apply connection with the lines hydrogen. 
Profiles for the two high-dispersion plates are shown Fig. The 
difference character between these two profiles clearly indicates the 
variable character the spectrum. For the plate taken July 23-25, 1946, 
there are two displaced absorption lines which are similar regards displace- 
ment with the corresponding features Call although their relative intensities 
are quite different. the plate Aug. 6-9, 1946, only one displaced line 
definitely appears. Both profiles, however, exhibit clearly marked asymmetry 
about the normal position, the extension the violet being much greater 
than that the for Call, this appears most readily explicable 
terms occultation the disk and again envelope relatively 
small dimensions suggested. 

Reference has already been made the line profiles Fel and Fell 
connection with the discussion equivalent widths. The central reversals 
shown these and other lines represent possibly the most significant single 
feature this remarkable interesting note that the metallic 
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Fic. different dates. special interest the unsymmetrical 
character the emission profile and the evidence variability the 


lines the less refrangible region the spectrum the red 4400 
longer show evidence reversal and this attributed insufficient resolving 
power. 

The profiles the lines sodium are shown pure emission lines 
Fig. observed with three-prism dispersion 34.5 per would 


H.D. 190073 
0.25 
w 


Fic. emission line profiles. The dispersion 34.5 per mm. insufficient 
indicate whether not these profiles are complex structure. 


10 
| | j | 
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well worth while for any observatory with sufficiently powerful equipment 
examine these lines with high dispersion (say per mm.) see whether 
they share the feature central reversal with other metallic lines. 


The only really strong line the spectrum which shows clear evidence 
Fig. and seen strong narrow absorption feature way differing 
appearance from the same line many normal stellar worth 
recording that there are several other emission line stars including H.D. 51480 
and H.D. 45910 which the line also appears pure absorption. 


Conclusion 


Apart from the addition many new wave lengths and 
the known spectrum H.D. 190073 the most important result the present 
study found the clearer delineation line profiles which makes 
possible new approach the question interpretation. 


The problem the relative size shell and envelope for emission line 
star difficult one and relatively few cases definitive answer possible. 
For the both high-dispersion plates the asymmetrical character 
the emission profile appears beyond question and its interpretation 
terms envelope small size reasonably probable. The writers believe 
that this evidence supersedes the previous suggestion Beals (2, that the 
central absorption takes place envelope many times the diameter the 
star and the criticism this earlier interpretation Struve and Swings (8) 
must now regarded valid. 


While uncertainty still exists the part the stellar envelope where 
the central absorption originates, absorption data the and calcium line 
profiles are longer inconsistent with origin the outer layers the 
this connection, may noted that evidence strong absorp- 
tion appears the relatively intense hydrogen emission lines and (3), 
and clearly easier attribute minima such strong emission lines 
absorption outer layer than layer deep the star’s atmosphere. 


From the point view interpretation the most difficult feature the 
spectrum still the peculiar nature the profiles associated with 
was first thought that the form these lines was unique among stellar 
spectra but recent investigations have shown that this not the case. The 
data this paper indicate that the lines hydrogen H.D. 190073 show 
similar characteristics although the relative intensities components are 
quite different. Double, displaced absorption has been observed number 
occasions the hydrogen lines H.D. 45910 well other stars. Such 
profiles are, however, always variable character such could associated 
with temporary detached shells. 

great theoretical difficulty attaches the explanation such complex 
lines assumed that they are associated with temporary shells. 
Among observed novae many complexities this type are known and have 


= 
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been explained the basis separate absorbing and emitting media moving 
independently one another. For permanent envelope the explanation 
more difficult. formal interpretation terms acceleration and subse- 
quent deceleration atoms within the envelope under conditions dynamical 
equilibrium has been presented Beals (2, Such explanation has con- 
siderable flexibility accounting for the observed phenomena but far the 
physical mechanism producing the accelerations obscure. Whether the 
relatively complicated shell structure postulated theory this general 
character can shown have valid physical basis remains seen, but 
until some other explanation forthcoming would appear that the most 
promising line approach the problem these complex line profiles 
found study the forces responsible for the radial motions atoms 
ejected from the star. 
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DESIGN GRID IONIZATION 


Abstract 


Conformal representation theory applied grid ionization chamber 
having plane parallel electrodes give formulas useful design. Expressions 
are obtained for the inefficiency grid shielding the electron collector, the 
spread pulse size caused the induced effect positive ions, and the pro- 
portion electrons collected the grid. The theory was verified experi- 
ment. width the polonium line half-maximum was reduced 
kev. about the energy the use suitable grid and operating 
voltages. The corresponding standard deviation from all causes was kev., 
made kev. resulting from induced effect positive ions, about kev. 
from noise the amplifier, and kev. from straggling ionization, thickness 
source, and other effects. The spread caused positive ions can therefore 
almost completely eliminated grid. 


Introduction 


Many experimenters have used the number ion pairs produced the 
track charged particle gas filled ionization chamber indicate the 
initial energy the particle. The simplest chamber contains two plane 
parallel electrodes with electrostatic field applied between them, that is, 
high voltage electrode, and collecting electrode that connected 
suitable amplifier with high resistance ground. When ionizing 
particle spends its energy the gas between the electrodes the ions are collected 
and pulse fed the amplifier. The rise time this pulse depends 
the orientation the track the chamber and the mobility the com- 
ponents the ionization, and its decay the time constant the capacity 
and leak resistance the collecting electrode. This decay usually arranged 
very long, and short time constant later the amplifier determines 
the output pulse duration. While this frequently required short, the 
short time constant must made about times longer than the rise time. 
This condition necessary prevent the variation rise time due different 
track orientations from affecting the output pulse amplitude. 

permit the use fast amplifier speeding the rate rise 
necessary first use filling gas that does not form negative ions 
electron attachment, e.g., argon. The negative component ionization then 
travels the collector entirely electrons, which have high mobility. 
However the positive ions, which have mobility less factor about 1000, 
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induce charge the collector the opposite sign. The potential the 
collector will rise rapidly, the electrons are collected, intermediate 
value given the collected charge minus the induced charge divided the 
capacity, and then rise slowly the positive ions are removed, the full 
potential. The induced charge depends the orientation the track the 
chamber. the induction effect the positive ions can eliminated the 
collector will attain its final potential immediately the electrons are collected. 


The use grid screen the electron-collecting electrode from the effect 
the positive ions was suggested Frisch such three- 
electrode chamber the electron pulses are nearly proportional the ionization 
the tracks. The pulse consists rapid rise the order and 
fall determined before. These fast pulses are more easily amplified linearly 
than those from two-electrode chamber. band width can chosen 
that more suitable for reducing the noise level, eliminating microphonics, 
increasing the permissible counting rate, and decreasing the building 
small background pulses. desirable screen the collecting electrode 
effectively possible and the same time avoid the collection 
electrons the screening grid. 

The present paper contains theoretical and experimental study with the 
purpose selecting suitable grid and the proper operating voltages the 
electrodes. The success the arrangement finally appraised measuring 
the “line width” obtainable using thin source. 


Theoretical Analysis 


(a) Preliminary Statement 


shield from fields induced the positive charges created the 
field the positive gradient the potential, with the positive direction the 
lines force accordingly the direction followed electrons. 


The efficiency the grid shielding measured the extent which the 
charge induced the number lines per unit area ending there, 
independent the field Eg. define 


dEp 

the the grid, and calculate function the two geome- 
trical ratios r/d and p/d (Fig. The results are shown Equation (14) 
and Fig. The charge induced unit charge created then 
calculated terms and the distances and (Equation (15) 


The proportion electrons the plate roughly equal the 
proportion lines that by-pass the grid, electrons diffuse along the lines 
force the pressures prevailing ionization chamber. (This was 
initial assumption and justified the experimental work.) This proportion 
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calculated terms the grid geometry and potentials (Fig. 4), and con- 
ditions are derived for which all the lines by-pass the grid (Equations (21) 
and (23) 


(b) General Method 


For the purpose calculation convenient replace the grid 
fictitious conducting wall thickness held potential that differs 
from amount depending and and the grid geometry 
(see lower part Fig. 1). 


Fic. Field (upper) and potential grid ionization chamber. Positive ions 
and electrons are produced near the cathode a-particles. grid parallel wires 
shields the electron collector from induced effect the positive ions. 


calculate AV, the stagnation points (in the hydrodynamical sense), 
and numbers lines, conformal representation theory used (5). The 
number lines passing between the x-axis and general point the 
grid wires are simulated line charges and line dipoles placed along their 
axes. Nonuniformity the field neglected and This assumption 
permissible when their distances from the grid exceed the pitch the grid 
wires. 


(c) Line Charges Induced Grid Wires 


lines per unit area arrive the grid, and lines per unit area leave it. 
Hence lines arise from unit area grid lines from 


| 
® 
6 
6 + 
d 
® + 
Vv Vp 
4 
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unit length each wire, implying line charge density units. 
The complex potential function associated with unit line charge log 
but represent the array line charges producing field periodic the 
function sinh must used argument the logarithm place 
Now the equipotentials derived from the transformation 


are approximately circular the vicinity etc., and the 
mean value the potential around exact circle radius (the wire radius) 
log Hence the complex potential 


takes account the line charges induced the wires when the grid 
zero potential. For large positive and negative the potential given 
approximately 


The deviations from uniformity the field are therefore small even when 
|x| the same magnitude 


(d) Line Dipoles Induced Grid Wires 

uniform field induces dipole intensity the center cylin- 
drical conductor radius reasonable expect that the dipoles 
induced the grid wires have the intensity where (Ep 
the mean the distant fields the two sides the grid. 

The complex potential function for line dipoles unit strength, one 
each wire position and all orientated the direction, the derivative with 
respect the unit line-charge function, i.e., coth 
accordance with our expectation, use trial function 


and show that when combined with the potential function representing the 
mean field, viz., 


(6) 
yields zero equipotential. Neglecting terms order 


which real required. (The measured from the x-axis.) 


potentials. 
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(e) Complete Potential Function 
The combination 


satisfies conditions the grid. also yields correct values and for 
the field large positive and negative values The function yields 


and 


for large positive and negative values respectively. Equations (9) 
and (10) 


d 
(12) 
and 
(13) 


More exact analysis reveals additional even powers the formulas 
for and beginning with 


These terms enter when, order make the equipotentials the wires 
more nearly circular, quadrupoles are considered. The ratio plotted 


Fic. Curve !/d function r/d, which convenient for calculating the in- 
efficiency grid. 


~ 
|_| a2 0.3 0.4 Os 
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(f) Inefficiency Shielding 
The inefficiency can obtained differentiating the relation 


Curves constant are shown Fig. seen that can made 

small_and the grid efficient either choosing grid-to-collector distance 


a2 a3 0.4 0.5 0.6 0.7 08 


large compared the pitch choosing the wire radius comparable 
the pitch. will seen later that the second alternative inadmissible 
(Equation (23) 


(g) Charge Induced Charge Created 
From Fig. 


Therefore 
which with the relation 
vields charge induced 
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(h) Fraction Lines Intercepted Grid 

The real part the function can used determine the number 
lines leaving that are intercepted the grid. the grid wire where 
obtain 


The stagnation points (5, 108), i.e., the points the circumference where 
lines cease enter and instead leave the grid, occur where stationary, 


1.€., ag = 
Therefore 
2pE 


The number lines collected each wire from the field given the 
difference between the two solutions (17) going via This 
difference 


2Ep 2Ep 


The number lines collected unit area the grid AU/d, and the 
ratio between this and represents the grid loss 


The proportion lines that end the collector rather than the grid, 
the range where the square root and the inverse cosine are real, viz., 


The ends the interval correspond the conditions where the stagnation 
points unite and slip off the wires the direction the weaker field. For 


(21) 
all lines by-pass the grid, For 
Ep 1— p 
all the balance between and collected the grid, 


J 
(20) 


— 
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Since differs from Ep/Eg not strictly proportional the grid- 
plate potential difference for fixed Va. Deviations from proportionality 
are the order particular zero grid-collector potential difference 
corresponds Ep/Eg The origin must shifted the right 
amount Fig. the abscissa become more accurate measure the 
grid-collector potential difference (broken line). 


Fic. Fraction lines from cathode that end electron collector plotted against the 
field ratio The origin must (Vp Va)/p used for Ep. 


Condition Potential Differences for Zero Grid Interception 
Condition (21) applies when all lines by-pass the this condition 
satisfied the absence positive charge then will certainly satisfied 
the presence such charge. Hence sufficient condition V4, Vp, and 
tion for and then gives the condition: 
Vp Ve > p 4. pp +- (23) 


This must balanced against the condition that (or //p) should small for 
efficient shielding (Equation (14) 


Experimental Investigation 


experimental investigation was undertaken test the main results from 
the theoretical analysis and indicate what lower limit width 
a-particle line might realized practice. 


(a) Ionization Chamber 
The ionization chamber consisted two parallel plates, cm. square and 
about cm. apart, mounted insulators inside cylindrical vessel. The 


2.0 3.0 
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gas was argon, usually pressure atm. grid parallel wires could 
mounted 1.43 0.67 cm. front the collector. Two grids were tested; 
one consisted No. copper wires 0.20 cm. apart, and the other No. 
copper wires 0.091 cm. apart. negative potential 1200 was applied 
the cathode, which produced adequate field between the electrodes for 
electron collection. 


Sources were made evaporating solution polonium 
210 gold foils. The source, covered collimator consisting in. holes 
1/32 in. aluminum sheet, was placed against the cathode. Without the 
collimator the distribution pulse sizes was not symmetrical about the 
maximum and had tail the low energy distortion attributed 
that had traveled approximately the plane the source and 
lost energy irregularities the source the backing foil before being 
scattered into the gas. 


The electronic equipment for the measurement pulse size has been 
described ionization pulses the collector were fed into amplifier 
designed for low noise and high stability gain and then into cutoff 
amplifier that subtracted predetermined voltage and amplified the remainder. 
The output pulses were electronically sorted into groups according height 
pulse analyzer this way the containing the pulse heights 
could expanded show its shape and thereby yield quantitative informa- 
tion width half-maximum alternatively the standard deviation 


from the mean. 


Collection Electrons the Grid 

The first point considered was the possible collection electrons the 
grid. This undesirable for two reasons. (1) The pulse size and the signal- 
to-noise ratio would reduced. (2) The fraction electrons collected 
might depend somewhat the track orientation, and thus additional 


cause spread might enter. 


Fig. shows the fraction lines from the cathode which by-pass the grid 
and end the collecting electrode. the electrons diffuse along the lines 
force these relations also give the fractions charge reaching the collecting 
electrode. Fig. shows two curves observed pulse size plotted against the 
ratio the fields the two sides the and are good 
agreement, particularly the upper this region the field lines are 
nearly straight the chamber. For very low potential difference between 
grid and collector the field lines have considerable curvature, and agreement 
not good. The pulses are larger than those calculated; this suggests that 
electrons slip off the field lines and reach the collector. The intercept for zero 
potential difference between grid and collector greater than seen 


— 
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Fig. that voltage can chosen for the grid which does not collect 
electrons. The chamber ordinarily operated under this condition. 


PULSE SIZE 


Fic. pulse size, indicating fraction electrons reaching the collector, plotted 


ed 

against (Grids 3). The two points marked crosses were calcu- 
lated from theory. 


(c) Spread Pulse Size 

Table and Fig. show the results typical run with polonium 
The distribution pulses from signal generator distribu- 
tion the pulses approximately Gaussian having standard 
deviation causes spread may noted: (1) thickness source 


TABLE 


PULSE DISTRIBUTIONS FOR Q@-PARTICLES AND ARTIFICIAL SIGNALS 


Pulse analyzer 


a-particles, counts Artificial counts 
158 
116 162 
124 
116 
19 


0.8 
0.6 
2.0 3.0 
| ‘ 
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material, (2) straggling ionization, (3) variation rise time the electron 
pulses, (4) noise the amplifier, and (5) induced effect positive ions, 
described the introduction. The last item will referred spread 


140 


NO. OF COUNTS 


2 3 6 8 10 12 14 16 18 20 
* CHANNEL NO. ON PULSE ANALYZER 
5.12 5.18 5.24 5.30 5.36 


APPROX. ENERGY IN MEV. 


Fic. Typical distributions pulse sizes for polonium a-particles and artificial pulses 
(Grid No. One channel spacing pulse analyzer equal kev. 


caused the chamber. The observed standard deviation assumed 
associated with the separate standard deviations and from 
the above causes respectively the formula: 
the present experiments s,, and always occur together, while can 


obtained using artificial pulses. intended compare the values 
obtained from measurements with the various grids with the theory. 


(d) Spread Pulse Size Due Chamber 

The distribution pulse size will examined, the effect orientation 
the track being taken into account. Noting that the induced 
effect the positive ions depends the first power (Equation (15) 
the idea center ionization may introduced (similar center mass 
mechanics). The effective range measured from the source the 
the center ionization the track, evaluated from the Bragg curve for 
single polonium The perpendicular distance from the center 
ionization the cathode may taken the value 

The centers ionization possess distribution for point source 
a-particles Fig. without collimator, having limits zero and 
are emitted isotropically, the number making angles between 


120) 
Pi SE 
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Thus, the distribution m’s rectangular (extending from tom R), 
giving similar distribution pulse sizes. The maximum pulse size that 


A 
Fic. Source point emits a-particles effective range measured from centers 
ionization tracks. 


grid the fractional width the pulse distribution equal R/(separation 
shows pulse distributions observed without grid. The 


CURVE I NO COLLIMATOR 


NO, OF COUNTS 


4 6 8 10 2 14 16 is 


NO. OF COUNTS 


8 
CHANNEL NO. ON PULSE ANALYZER 


Fic. distributions a-particle pulses ionization chamber without grid. 
Separation electrodes was 5.9 cm. Argon pressure was atm. collimator 
shown. 


effective range was calculated 1.15 cm. argon atm., and the 
separation electrodes was 5.9 cm. Thus the expected width the pulse 


Mev. 1.0 Mev., fair agreement with that observed (Curve Fig. 8). 


600 

O 
CHANNEL NO. ON PULSE ANALYZER 

600 CURVE [I WITH COLLIMATOR 
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When collimator used the distribution pulse size changed, shown 
Fig. collimator cuts off the largest pulses, which must come from 
the tracks making small angles with the cathode, since the induced effect 
the positive ions least for these tracks. The width 60.7% the 
maximum reduced the factor 950/530 1.8. The calculated reduction 
about 2.5. Since neither distribution Gaussian, the first being rect- 
angular, and the second nearly triangular, the exact value chosen for the effect 
the collimator rather arbitrary. The standard deviation when the 


collimator present about (530) kev. This may related the energy 
5.30 Mev. the polonium follows: 
Standard deviation 5300 kev. (530) kev., 

will seen later that with good grid shielding the collector the spread 
due the chamber not large other the distribution 
pulse size with spread due only the chamber may assumed Gaussian, 
and the factor 2.0 carried over into the corresponding standard 


deviation. 


(e) Shielding the Grid 

The standard deviation pulse distribution was estimated three 
methods (6, pp. (1) The width the peak was measured 
60.7% the maximum. (2) The mean square deviation was obtained from 
the histogram and correction applied. (3) ogive plot, such 
shown Fig. was used. The last method appeared most reliable. For 


PERCENTAGE OF TOTAL COUNTS 


10.5 1) 12.5 13.5 14.5 15.5 16.5 175 
CHANNEL NO. ON PULSE ANALYZER 


Fic. plot for estimating standard deviation pulse distribution. Standard 
deviation half number channels between intersections dotted lines. 
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the data Table the standard deviations are 1.5 and 1.1 channel widths 
the pulse analyzer respectively for the and artificial pulses. 

Table summarizes the experimental results for four different grid arrange- 
ments. The inefficiencies were calculated from Equation The 
standard deviations are the averages five determinations each case. 
The small variations observed for the different experimental arrange- 
ments are approximate agreement with the expected effects changing 
the capacity the chamber. 

TABLE 
STANDARD DEVIATIONS IN PULSE DISTRIBUTIONS 
standard deviation for a-particle pulses 
standard deviation for artificial pulses 


channel spacing kev. 


| 


| | 
| | > 
Vv. 1 2» 32, kev: 


8.73 1.42 1.08 0.92 13.8 
18.5 1.66 1.09 16.4 
38.3 1.65 19.1 
78.4 1.74 1.10 1.35 20.2 
78.4 2.40 1.10 32.0 


cm. (argon atm. pressure 


4.49 cm., 0.77 cm. 


Grid No. 4a: same No. except that 1.15 cm. argon pressure. 


For the pulses 


and for the artificial pulses 


Vs2. 


The squares the standard deviations s,, and s,, caused the thickness 
the source, straggling ionization, and variations rise time, should form 
approximately constant quantity, independent the grid. The standard 
deviation caused the chamber expected 


Therefore 


5300 kev. 5300 kev. 
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from Equation (15) and the effect the collimator. Owing the finite 
extent the electrodes and the proximity the wall the surrounding 
vessel one might expect merely proportional this expression. 
Although the constant proportionality turned out approximately 
unity, first proportionality but not equality was assumed. The measured 
best values the parameters and assumed constants, were obtained 
the method least squares, with the following result: 


6030 kev. 


and 


Table shows that satisfactory fit all experimental data was obtained. 
The predicted shielding the grid verified, shown 6030 kev. 
being approximately equal the expected 5300 kev. alternatively the 
agreement Columns and The discrepancy involves directly, which 
difficult estimate owing the asymmetry the pulse distribution, 
pointed out above. 


TABLE III 


STANDARD DEVIATIONS CAUSED BY CHAMBER 


No. (observed) (least squares) squares) (theory) 
3.74 13.8 14.5 2.0 
7.19 16.4 15.0 4.3 
16.25 19.1 9.8 8.6 
30.3 20.2 23.2 18.3 16.1 
45.3 32.0 30.8 27.3 24.0 


The following consideration shows that the standard deviation relatively 
small. This cause spread pulse size the variation electron collection 
times due different orientations the tracks the a-particles. The band 
width the amplifier used was defined the usual two time constants 
smoothing and differentiation, which were adjusted and usec. 
respectively. The collection time not known with certainty, but rough 
measurement was made decreasing the time constants the amplifier 
and There was appreciable drop pulse amplitude, which 
indicates collection time about With time constants and 
variation collection time between zero and would intro- 
duce spread only kev., which much smaller than the spreads 


introduced source thickness and ionization straggling. 


Limitations Standard Deviations 


The standard deviation from all causes the pulse distribution polonium 
was found low kev. when suitable grid was placed 


206 CANADIAN JOURNAL RESEARCH. VOL. 27, SEC. 


front the electron collector. The corresponding width the line half- 
maximum was kev. about the energy the polonium 
The standard deviation caused the induced effect the positive ions was 
found kev. when carefully designed grid was used shield 
the collector. cause spread now negligible, and further decrease 
line width can effected only attention other causes. 

Through the use artificial pulses the standard deviation caused noise 
the head amplifier was found about existing tubes not 
much improvement can expected here. The standard deviation caused 
thickness source, straggling ionization, and variations rise time the 
pulses was kev. From Fano’s theory (2) estimate the standard 
deviation caused straggling ionization about kev. With the best 
conditions over-all standard deviation about kev. may perhaps 
attained. This corresponds width kev. half-maximum for the 
polonium line. 
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